Identifying general patterns of adaptive coloration in animals can help to elucidate the evolutionary processes that generate them. We examined the evolution of colour patterns in Australian agamid lizards, a morphologically and ecologically diverse group that relies primarily on visual communication. We tested whether certain types of colour (yellow-reds and black) were likely to be used as sexual signals, as indicated by their association with indices of sexual selection, namely, sexual dichromatism and sexual dimorphism in body size and head shape. We then tested whether sexually dichromatic colours are associated with specific patterns (uniform, mottled, striped, blotched, reticulated) or ecological variables such as habitat openness, arboreality, and substrate type. The presence of yellow-red on lateral and ventral body regions and black on ventral body regions was significantly more common in males than females. Lateral yellow-red in males was associated with the total extent of sexual dichromatism and size dimorphism, whereas ventral yellow-red was associated with sexual dichromatism. Both lateral and ventral yellow-red were associated with uniform patterning, suggesting that sexual signals in male agamid lizards may often comprise uniform patches or flushes of yellow-red. Although ventral black coloration was more prevalent on males (i.e. strongly sexually dichromatic), it was not associated with indices of sexual selection, suggesting that, in agamid lizards, yellow-red coloration is more likely to be sexually selected than black. Sexually dichromatic coloration was not strongly associated with any of the ecological variables measured. We found some associations, however, between female dorsal patterns and ecological variables, suggesting that female patterns are influenced by natural selection.
INTRODUCTION
Many animals communicate with elaborate ornaments composed of diverse colours and patterns. A central question in understanding the evolution and diversity of animal colour patterns is whether some types of colours or patterns are more likely to be used as social or sexual signals than others. Hypotheses taxa can be aided by broad phylogenetic comparative tests.
Comparative studies of birds have compared the degree of sexual dichromatism in colours generated by two main classes of pigment, carotenoids and melanins (Gray, 1996; Badyaev & Hill, 2000) . These studies have revealed greater sexual dichromatism in yellow-reds, suggesting that they are more likely to be used as sexual signals. The primary hypothesis proposed to explain this observation is that carotenoid-based colours are more 'costly' to produce or maintain than melanin-based colours and are therefore more reliable (but see Griffith, Parker & Olson, 2006; McGraw, 2008) . Specifically, carotenoids can only be acquired exogenously and have a range of immune and antioxidant functions, which may create trade-offs with colour expression (Olson & Owens, 1998; Grether et al., 2004; Griffith et al., 2006; Svensson & Wong, 2011) . Consequently, carotenoid-based yellow-red colours have been traditionally viewed as more reliable indicators of individual condition than self-synthesized melanin, although this generalization remains contentious (Griffith et al., 2006; McGraw, 2008) . Furthermore, black may have important nonsignalling functions such as thermoregulation and protection from ultraviolet (UV) damage (McGraw, 2008) . Unlike most birds, however, yellow-red colours in some other vertebrates such as fish and reptiles are produced by the combination of externally acquired carotenoids and self-synthesized pteridines and, in some species, yellow-red coloration is generated largely by pteridines (Ortiz & Maldonado, 1966; Grether et al., 2004; Steffen & McGraw, 2007) . Although pteridines can reduce oxidative stress by scavenging free radicals, they are poorer antiradicals than carotenoids (Martinez & Barbosa, 2010) . Furthermore, in some groups, such as lizards, there is little evidence that dietary limitation affects the expression of pteridineor carotenoid-based coloration (Olsson et al., 2008; Steffen, Hill & Guyer, 2010) . Whether yellow-reds are more likely to be used as sexual signals than black in taxa other than birds, especially those in which yellow-red colours are not exclusively carotenoidbased, remains to be tested.
Animal colour patterns used for signalling are also likely to be strongly influenced by ecological factors. For example, natural selection may influence the type of signals found on body regions exposed to visual predators, particularly in more open habitats where predation pressure is often higher (Stuart-Fox & Ord, 2004) . Ambient light conditions may also influence the types of colour pattern that species use for signalling as a result of the effect of habitat light on signal transmission (Endler, 1992; Endler, 1993; Leal & Fleishman, 2004) . For example, species in closed habitats such as forests may use colours that result in high brightness contrast in low light conditions for optimal signal transmission (Marchetti, 1993) . Furthermore, different substrate colour patterns will either enhance or decrease contrast for signalling or crypsis (Endler, 1992; Macedonia, 2001) .
Pattern is a pivotal component of animal coloration. Numerous empirical studies have shown that patterns aid concealment or escape from predators, via mechanisms such as background matching, disruptive and dazzle coloration, and flicker-fusion (Stevens & Merilaita, 2009) . Far fewer studies have examined the role of pattern in signalling (Gluckman & Cardoso, 2010) and its role is often ambiguous. For example, the preferences of female swordtail fish for a higher number of bars may be a result of the additional pigmented area instead of the bar pattern per se (Morris, Mussel & Ryan, 1995; Morris, Elias & Moretz, 2001) . Pattern may also enhance the efficacy of colour (amplifiers), resulting in selection for both colour and pattern elements simultaneously. Whether certain pattern types are more likely to be used as sexual signals or are influenced primarily by natural selection has seldom been tested in a comparative framework (for exceptions in mammals, see Stoner, Bininda-Emonds & Caro, 2003; Stoner, Caro & Graham, 2003; Caro et al., 2011) .
In the present study, we used a phylogenetic comparative approach to determine the factors that influence the presence of different colour patterns among Australian agamid lizards (Agamidae). In a previous study, we showed that colour pattern complexity in Australian agamids was associated with indices of sexual selection but not ecological factors (Chen et al., 2012) . In the present study, we focus on natural and sexual selection on the specific colours and patterns themselves. Australian agamids comprise a monophyletic group of 69 recognized species for which there is a well-resolved molecular phylogeny (Hugall et al., 2008; Chen et al., 2012) . Their coloration is diverse and they occupy a broad range of habitats, from forest to desert (Cogger, 2000) . To examine whether yellow-red or black coloration is more likely to be used as a sexual signal, we tested whether the presence of each colour type is associated with indices of sexual selection, namely sexual dichromatism and sexual dimorphism in body size and head shape. These have been widely used as indicators of the strength of sexual selection in comparative studies (Stuart-Fox & Ord, 2004; Ord & Martins, 2006; Fairbairn, Blanckenhorn & Szekely, 2007) and have empirically shown to be associated with sexual selection in lizards in general (Kratochvil & Frynta, 2002; Cox, Skelly & John-Alder, 2003) and Australian agamids in particular (Lebas, 2001; Stuart-Fox & Johnston, 2005; Healey, Uller & Olsson, 2007) . Because signals located on different body parts are likely to be under different selective pressures (e.g. natural selection on dorsal coloration and sexual selection on lateral and ventral body regions) (Espmark et al., 2000; Stuart-Fox & Ord, 2004) , we examined coloration on dorsal, lateral, and ventral body regions. To assess the role of pattern in signalling, we then tested whether sexually dichromatic colours are associated with particular patterns (uniform, reticulated, mottled, blotched or striped). We also tested whether sexually dichromatic colours are related to key ecological factors (habitat openness, arboreality, and substrate type (trees/timber, grass, sand, rock) to assess potential natural selection on signals. Finally, to examine the role of natural selection on patterns specifically, we tested whether female dorsal patterns are associated with habitat openness, arboreality or different substrate types.
MATERIAL AND METHODS

DATA COLLECTION AND COLOUR PATTERN SCORING
We scored colour patterns on each body region for 69 species of Australian agamid lizards, belonging to 13 genera from field guides, primary literature, photographs (published and online), and museum specimens (Mitchell, 1948; Storr, 1964; Storr, 1965 Storr, , 1974 Storr, , 1977 Storr, , 1981 Storr, , 1982 Badham, 1976; Houston, 1977 Houston, , 1978 Houston, , 1998 Storr, Smith & Johnstone, 1983; James & Shine, 1988; Greer, 1989; Shine, 1990; Christian, Bedford & Griffiths, 1995; Greer & Smith, 1999; Cogger, 2000; Harlow & Taylor, 2000; Stuart-Fox & Ord, 2004; Swan, Shea & Sadlier, 2004; Wilson, 2005; Cuervo & Shine, 2007; Doughty et al., 2007; Wilson & Swan, 2008; Cronin, 2009 ; dataset available from the authors on request), as described in Chen et al. (2012) . Subspecies and subpopulations with recognized geographical colour pattern variants were also included, which resulted in a sample size of 85 species and subspecies.
We focused on two colour types, which are common in Australian agamids and differ in colour generation mechanism: (1) carotenoid or pteridine-based coloration: yellow, red, pink, and orange and (2) puremelanin-based coloration: black. We did not examine factors associated with the use of blue-green coloration because too few species of Australian agamids possess these colours. Ambiguous descriptions such as maroon and brick red were not included. For species where males experience seasonal changes in coloration, we scored the breeding coloration. Although the colours that lizards perceive will differ from those we do, particularly in relation to colours with a UV component (Loew et al., 2002) , the categories used in the present study are conservative and unlikely to be affected by UV components. For example, yellow-reds generated by carotenoids and pteridines often have a secondary UV peak, although this would not affect our classification.
Types of patterns were scored into five primary categories: (1) uniform: all one colour (including patterns described as 'flush'); (2) striped: including chevrons, bars and streaks; (3) mottled: flecked, peppered, stippled or spotted; (4) blotched: including patch, a single large spot or rhomb; and (5) reticulated: netlike or variegated. These broad categories were chosen because they are robust to intrapopulation variation among individuals and ambiguity in descriptive categories used in field guides. Where pattern information was incomplete, we examined ethanol-preserved specimens in museum collections (Museum Victoria and South Australian Museum) where the pattern was still clearly recognizable. Although colours fade or disappear entirely with preservation, patterns fade only partially and are still evident in preserved specimens. We verified patterns scored from the literature against preserved specimens. We took male and female colour pattern data for each species from the same source, where possible.
Colour and pattern types were scored separately for each of nine body regions: (1) side of head; (2) shoulder (including side of neck); (3) dorso-vertebral; (4) dorso-lateral (upper flank); (5) lower flank; (6) groin (including thigh and base of tail); (7) throat (including gular region, chin, jaw); (8) chest; and (9) belly (see Supporting information, Fig. S1 ). We recorded types of colour and pattern as either present (1) or absent (0) for each body region on a species for both adult males and females. Different body regions are likely to be subject to different selection pressures from both visual predators and conspecifics (Stuart-Fox & Ord, 2004) . Therefore, we also scored the presence/absence of each colour type on dorsal, lateral and ventral body regions.
SEXUAL DIMORPHISM
We scored the degree of sexual dichromatism (SDc) for each body region as: 0 = no difference; 1 = difference in colour intensity or pattern and 2 = entirely different colour or difference in both colour and pattern (Ostman & Stuart-Fox, 2011; Chen et al., 2012) . To be conservative, types of colour that may be generated by the same mechanism (e.g., red, orange, and yellow) or that may reflect differences in descriptors used in field guides were scored as differences in colour intensity (1). We summed these scores across the nine body regions to derive a measure of overall sexual dichromatism ranging from 0-18.
We compiled data on sexual dimorphism in body and head size from the literature for 27 taxa and measured 564 ethanol-preserved adult specimens EVOLUTION OF COLOUR PATTERNS 3 from Museum Victoria, the Western Australian Museum, and the South Australian Museum (Chen et al., 2012) . We only used data from taxa for which there was a sufficient sample size (> 3 individuals of each sex). In total, we obtained data on sexual dimorphism in body size (snout-vent length, SVL) for 56 taxa and head size [i.e. head width (HW), head depth (HD) and head length (HL)] for 49 taxa (see Supporting information, Table S1 ). The great majority of taxa (51 out of 56 taxa = 91%) had measurements for at least five individuals for each sex.
We estimated sexual size dimorphism using the index of Lovich & Gibbons (1992) , where sexual dimorphism index (SDI) = [(mean size of male)/(mean size of female)] -1.
Thus, a positive value of SDI indicates male-biased size dimorphism. Female-biased sexual dimorphism can result from a range of selective processes including sexual selection for smaller males with increased mobility or agility, which are advantageous in scramble competition (Szekely, Freckleton & Reynolds, 2004) , and fecundity selection in females (Shine, 1989) . In agamid lizards, there is no evidence of scramble competition or of sexual selection favouring small male size; yet there is evidence for fecundity selection (Stuart-Smith et al., 2007) . Thus, in Australian agamids, a female-biased SSD is likely to reflect selective forces other than (or in addition to) sexual selection. Because we were specifically interested in SSD as a measure of sexual selection (most probably intra-sexual selection in this group), we set negative values of SDI to 0.
We corrected head measurements for body size by taking the ratio of each to SVL. We then calculated sexual dimorphism in each head measurement using Lovich-Gibbons ratios of size-corrected values of head length, width and depth. Because sexual dimorphism of head dimensions was strongly intercorrelated (see Supporting information, Table S2 ), we obtained a single new variable using via principal components analysis on the SDI values for the three size-corrected head dimensions. Only the first principal component (PC) had an eigenvalue > 1 (PC1 eigenvalue = 2.033; see Supporting information, Table S1 ) and explained 67.77% of the total variation. Correlations between PC1 and the original variables were similar for all three measurements; therefore, PC1 can be interpreted as reflecting total head shape.
ECOLOGICAL DATA
We scored three ecological variables from the published literature and field guides: habitat openness, arboreality, and substrate type. We scored species as occurring in the following habitats considered to be (1) 'open' (few or no trees): rocky outcrops, stony desert, sandy desert, semi desert/savanna, shrub lands, coastal heath/dunes, and grassland; (2) 'closed' (sparse -dense tree canopy): arid acacia woodland, open woodland, mallee woodland, riparian vegetation, forest, rainforest, and closed woodland. Species found in both open and closed habitats were classified based on description of their primary habitat (i.e. the habitat in which the species occurs most often and/or that covers a larger part of its natural range).
Species were classified as either primarily arboreal (1) or primarily terrestrial (0) on the basis of whether they had been observed dwelling more in trees or on the ground (see Supporting information, Appendix S1). Semi-arboreal species, which are found in both trees and on the ground, were categorized as arboreal as the common use of trees as perches may influence their colour pattern.
We scored each species as occurring on four major categories of substrates: (1) timber: trees and fallen timber; (2) grass/shrub: mallee, spinifex, hummock grass, shrubs, and bushes; (3) rock: stony soil, gibber desert, boulders, and rocky outcrops; and (4) sand: sandy desert. Each substrate comprises different textures reflecting different types of colour and patterning. For example, species commonly using timber substrates may tend to have reticulated and blotched patterns, grassland species may have striped patterns, and rock-dwelling species might have uniform, mottled or blotched patterns. Species recorded as having been encountered active on a substrate were scored 1 for that substrate and 0 if they had not been encountered there.
STATISTICAL ANALYSIS
We first tested whether frequencies of each colour type on each body region differed between males and females using McNemar's test (Rice, 1995) . This test is a nonparametric test for binary data (presence/ absence of a colour type on a body region) in matched pairs (male and female of each species). A significant result indicates that the frequency or probability of exhibiting a particular colour is greater in one sex than the other.
To control for the non-independence of species as a result of common ancestry, we used phylogenetic generalized least-squares regression (PGLS; Grafen, 1989) in REGRESSIONV2.M (Lavin et al., 2008 ; note that independent variables can be continuous or categorical; e.g. Martins & Hansen, 1997; Pagel, 1997; Lavin et al., 2008) . We used a robust molecular phylogeny of the 85 taxa with branch lengths (Chen et al., 2012 ; see also Supporting information, Fig. S2 ). The PGLS fitting procedure calculates Pagel's transformation parameter, l (Pagel, 1997; Pagel, 1999) , by restricted maximum likelihood. Lambda is a constant between 0 and 1, where a value close to 1 implies a strong effect of phylogeny and 0 indicates no phylogenetic signal.
The phylogenetic variance-covariance matrix, where the diagonal represents the branch-length distance from root to each tip, was generated in R, version 2.13 (http://www.r-project.org; R Development Core Team 2011) using the 'Analyses in Phylogenetics and Evolution' (APE) package (Paradis, Claude & Strimmer, 2004) . We derived 'best' multivariate PGLS models on the basis of the model's Akaike information criterion (AIC; Burnham & Anderson, 2002) . Lower AIC values indicate better approximating models; therefore, starting with the full model, we eliminated the predictor that had the least effect on reducing the AIC score. We continued this process of removing terms until there was no further drop in AIC.
We determined the colour types that are likely to be used as sexual signals by the association between their occurrence on different body regions in males and the indices of sexual selection (sexual dichromatism and sexual dimorphism in body size and head shape). Specifically, overall sexual dichromatism, sexual dimorphism in body size, and sexual dimorphism in head shape were each regressed against the occurrence of yellow-red and black for lateral and ventral body regions (i.e. four predictor variables in each multiple regression).
We then tested whether sexually dichromatic colours (lateral and ventral yellow-red and ventral black; see Results and Table 1) were associated with specific types of pattern (uniform, mottled, reticulated, blotched, and striped). To assess how signals may be constrained by natural selection, we tested for an association between sexually dichromatic coloration and ecological factors. Because habitat openness and the use of timber substrates are highly negatively correlated (Spearman's rank correlation coefficient r = -0.83, N = 83, two-tailed P < 0.0001; for correlations among variables, see Supporting information Table S3 ), we only included the ecological variables of arboreality and the four substrate types (rock, timber, sand, grass) and not habitat openness. Bivariate correlations between these ecological variables were all r < 0.7.
Finally, to assess the influence of natural selection on pattern, we investigated whether these same ecological factors are associated with dorsal patterning in females, which is likely to be under stronger natural selection for crypsis.
RESULTS
SEXUAL DIMORPHISM AND DICHROMATISM
There were 61 taxa (approximately 71% of 85 taxa) that were sexually dichromatic and the mean 
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degree of sexual dichromatism was greater on ventral body regions than dorsal and lateral body regions (mean ± SE of sexual dichromatism: dorsal = 0.51 ± 0.092; lateral = 0.50 ± 0.071; ventral = 0.70 ± 0.064). In general, body size dimorphism was male-biased (N = 31/56 taxa = 55% where SDI > 0.05), although the sexes were similarly sized in 25% of taxa (N = 14; SDI between -0.05 to 0.05) and the remaining 20% of taxa had female-biased size dimorphism (N = 11, SDI < -0.05). Yellow-red colours were more prevalent on lateral body regions of males than females [McNemar's test with P-values adjusted for multiple comparisons using the false discovery rate (FDR) method: side of head: N = 85, S = 12.0, P = 0.002; dorsal-lateral: N = 85, S = 13.0, P = 0.003; shoulder: N = 80, S = 13.0, P = 0.013; lower flank: N = 85, S = 11.0, P = 0.002; groin: not available as a result of lack of sexual dichromatism; throat: N = 81, S = 7.14, P = 0.014; 
SEXUAL SELECTION ON COLOUR PATTERNS
Overall sexual dichromatism was associated with the presence of lateral and ventral yellow-red in males (i.e. the latter driven by throat coloration, which was the only ventral body region that was significantly sexually dichromatic for yellow-red; see above). Lateral black was retained in the best approximating model but not in the more parsimonious competing model, indicating that it is not a strong predictor of overall sexual dichromatism (Table 1) . Furthermore, lateral black coloration was not significantly sexually dichromatic (see above). Sexual dimorphism in body size was associated with lateral yellow-red coloration and no colour variables were associated with sexual dimorphism in head shape (Table 1) . Thus, lateral and ventral yellow-red, although particularly the former, are potentially sexually selected in males, as indicated by their association with indices of sexual selection.
Lateral yellow-red coloration in males was associated with uniform and mottled patterning in the best approximating model but only with uniform coloration in the competing model (Table 2) . Ventral yellow-red coloration in males was associated uniform patterning. This suggests that potential sexual signals in males tend to be a uniform colour patch or flush. Ventral black coloration in males was not associated with any specific pattern.
NATURAL SELECTION ON COLOUR PATTERNS
We found little evidence that sexually dichromatic coloration in males is constrained by the ecological variables measured in the present study. There was no association between the occurrence of lateral yellow-red or ventral black in males and any ecological variable (i.e. no variables were retained in the final model). Ventral yellow-red in males was negatively associated with the use of timber and sand substrates in the best approximating model (l = 0.75, model R 2 = 0.056; coefficient ± SE timber = -0.24 ± 0.13, sand = -0.21 ± 0.15) and only associated with timber in the more parsimonious competing model (l = 0.75, model R 2 = 0.032, delta AIC = 0.15; coefficient ± SE timber = -0.22 ± 0.13). However, use of timber substrate explains very little of the variation in the occurrence of ventral yellow-red coloration.
In terms of female dorsal patterns, uniform patterning was associated with arboreality, whereas striped and blotched patterns were associated with Figure 1 . Proportion of species (%) with yellow-red (A) and black (B) across nine different body regions: dorsovertebral, dorso-lateral, side of head, shoulder, lower flank, groin, throat, chest, and belly. False discovery rate (FDR) adjusted two-tailed P-values: *P < 0.05, **P < 0.01, ***P < 0.001 from McNemar's tests. Error bars represent 95% confidence intervals for proportions. NA, not available. a terrestrial lifestyle (i.e. non-arboreal; Table 3 ). Striped and blotched patterns tended not to occur in species using rock substrates; however, striped patterns were associated with grass substrates (Table 3) . Mottled or reticulated patterns were not associated with any ecological factor (i.e. no variables were retained in the final model).
DISCUSSION
The results of the present study suggest that lateral and potentially ventral (throat), yellow-red colour patches are likely to be used as sexual signals in male agamid lizards, as indicated by their sexual dichromatism and association with indices of sexual selection (overall sexual dichromatism and sexual size dimorphism). Furthermore, species with yellow-red lateral and ventral coloration tended to have uniform patterns. Although pattern explained little of the variation in lateral yellow-red, the correlation between ventral yellow-red coloration and a uniform pattern was stronger, suggesting that, where they occur, yellow-red sexual signals, particularly on the throat, tend to be a uniform patch or flush. By contrast, although black ventral coloration was strongly sexually dichromatic, it was not associated with indices of sexual selection or specific patterns.
Because yellow-red colours in lizards are often produced by self-synthesized pteridines or a combination of carotenoids and pteridines (Ortiz & Maldonado, 1966; Grether et al., 2004; Steffen & McGraw, 2007) , it is likely that the use of yellow-red as sexual signals is unrelated to production costs. However, signals may be reliable despite low production costs. In lizards and fish, there is some evidence that pteridine-based yellow-red signals may honestly indicate individual quality despite no direct trade-off between investment into ornament expression and health (Grether, Hudon & Endler, 2001; Grether, Cummings & Hudon, 2005; Weiss et al., 2011) . Furthermore, mechanisms other than production costs may maintain signal reliability. For example, in the case of colours on 'exposed' body regions, costs associated with predation risk may mean that only 'high quality' males are able to sport bright signals.
Another reason why yellow-red colours may be commonly used as sexual signals on lateral body regions is that they are more effective signals or more stimulating to receivers (sensory drive; Endler, 1992), irrespective of production or maintenance costs. Many lizards show strong attraction to yellow-red objects, which may be associated with the occasional incorporation of fruit and flowers into the diet of these largely insectivorous animals (Manthey & Schuster, 1992) . Furthermore, longer wavelengths may be transmitted more effectively over longer distances, 
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which may be important for these solitary animals that often occupy large territories (Greer, 1989) . It is also possible that lizards choose perches from which to signal that increase contrast with the background. Although yellow-red colours may be inherently more attractive or enhance signal transmission efficiency to conspecifics, they also potentially increase the risk of being detected by predators. However, because soils, rocks, and dry vegetation often contain dull yellow-red hues, yellow-red sexual signals on exposed body regions may reflect a compromise between the need to communicate using conspicuous colours and the need to minimize predation risk. We found no association, however, between the use of yellow-red colours and particular habitats or substrate types. This is similar to iguanid lizards in which there appears to be no clear relationship between coloration used for social signalling and ecological variables such as arboreality (Norris, 1964; Macedonia, 2001) .
We found that ventral black coloration was sexually dichromatic but was not associated with indices of sexual selection. This suggests that black ventral coloration is not under strong sexual selection, although it may nevertheless be used for signalling. Indirect support for a signaling function for black ventral coloration comes from the agamid lizard, Ctenophorus ornatus, in which the size of the male black chest patch predicts territory size and the number of females in the territory but not reproductive success (Lebas, 2001) . Dark coloration has also been shown to be important for signalling in other lizards, such as tree lizards, Urosaurus ornatus, in which dark dorsal coloration acts as a dominance signal (Zucker, 1989) . Black melanin-based ventral signals (e.g. chest patches and ventral patterns) are likely to maximize contrast with any visible parts of the white underside, allowing effective communication in a broad range of environments (Endler, 1983; Prudic, 2007) . In amphibians and reptiles, high contrast ventral colour patterns are particularly common, as are bold black and white contrasting colour patterns in animals more generally (Caro, 2009) . The lack of strong sexual selection on black ventral signals may be because they are poor indicators of individual condition or quality, with their reliability being maintained by other mechanisms such as social enforcement (Tibbetts & Dale, 2004; McGraw, 2008) .
Although we found little evidence that potential male sexual signals were associated with ecological factors, we found stronger evidence that ecological variables were associated with female patterns. In particular, species with striped patterns in females tend to use grass substrates, whereas arboreal and semi-arboreal species tended to be uniformly Table 3 . Relationship between female dorsal patterns and ecological variables (arboreality and substrate types: timber, rock, grass, and sand) controlling for phylogeny using phylogenetic generalized least squares regression patterned (i.e. patternless). The association between striped dorsal patterns in females and use of grass substrates could reflect the use of background matching or other mechanisms to minimize the probability of detection by predators (e.g. disruptive coloration or flicker fusion during movement) or, alternatively, be associated with behavioural mechanisms to evade predators. Other, more subtle relationships between colour pattern and background were not detected by our analyses, which used broad ecological variables. However, other comparative studies that have used similar measures have found clear patterns (Gomez & Thery, 2004; Caro, 2009 ). Overall, we showed that male agamid lizards are most likely to use yellow-red lateral coloration as sexual signals, as indicated by their association with indices of sexual selection. This suggests that yellowreds may be more widely used as sexual signals irrespective of their pigment basis or physiological cost (but see Taysom, Cardoso & Stuart-Fox, 2011) . Stronger sexual selection on yellow-red as opposed to black coloration in agamids may reflect differences in the efficacy of the signals, stimulation of receivers and other potential functions. The generally weak associations between sexually dichromatic colour patterns and ecological variables may indicate that the strongest influence of natural selection is on the location of sexual signals rather than the colours or patterns of which they are composed. Empirical studies assessing relative predation risk and potential functions of different colour pattern types are needed to further elucidate signalling strategies and how these have been shaped by natural and sexual selection.
SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article at the publisher's web-site: Appendix S1. Raw data used for analyses. Figure S1 . The nine body regions for which colour patterns were scored, shown in the lateral (left image) and ventral (right image) view. Figure S2 . Consensus phylogeny of Australian agamid species and subspecies used in the comparative analyses. Posterior probabilities are shown below branches. Time scale is Mya. Table S1 . Morphometric measurements of museum specimens used for calculation of sexual dimorphism in head and body size. Table S2 . Correlation and principal component analysis of head dimensions. Table S3 . Pairwise correlations between variables (Spearman correlation coefficients).
